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si INTRODUCTION 


The general metabolic effects of vitamines 
and hormones have been but recently established. Their 
exact influences on specific body tissues however are 
still very much in question. fhe controversy in this 
regard is one due chiefly to the many difficulties 
inherent in the study of living tissue. It is not sur- 
vrising therefore that investigators in this field have 


arrived at conflicting conclusions. 


It is the purpose of this thesis to review 
the literature concsrning the topic "The Effect of Vi- 
tamines and Hormones on the Peripheral Circulation”. 
For purposes of orientation, the topic is introduced 
with a descriptibn of the vascular bed and the natural 
variations which occur in blood flow. A list of-animals 
and tissues used and methods of investigation are dis- 
cussed. The hormonal and vitaminogenic effects on peri- 
pheral circulation are then discussed separately. In- 
ferences and conclusions are made and suggestions are 
set forth regarding possibilities of future experimen- 


tation. 
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ti DESCRIPTION OF THE VASCULAR BED 


Direct observation of the vascular bed appears 
to be the most satisfactory method of studying the peri- 
pheral circulation under the influence of vitamines and 
hormones. Experimental techniques will be discussed 


under a following subtopic. 


In the vascular bed, the muscular arterioles 
which lead from the main arteries divide into a number 
of precapillaries (Fulton and Lutz, 1940) or meta-arter- 
foles (Chambers and Zweifach, 1946). These further 
divide into the tmue capillaries which Best and Taylor 
(1945) define as "all the purely endothelial tubing 
which lies between the arterioles on the one hand and 
the small veins on the other." The capillaries which 
constitute the bulk of the bed lead into the collecting 
venules which carry the blood into the veins. Chambers 
and Zweifach (1936) also describe a “thoroughfare” chan- 


nel of which the true capillaries are offshoots. They 


have observed in resting tissue, an increase in vasomotion 


followed by a flow of blood in these central channels 
with only occasionally a sporadic flow in the true capil- 


laries. During ischemia, for example, this channel 
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assumes the flow of the entire bed. Grant (1930) has 
observed that short vessels connecting arterioles with 
corresponding venules are normally present in the rab- 
bit's ear and in human skin. He called these communi- 
cating channels, through which the blood may be shunted, 


arterio-venous anastamoses. 


The mechanism which regulates arteriolar blood 
flow has been established. That which controls flow of 
blood in the capillaries is still in question. Bensley 
and Vimtrup (1928) continuing the work of Krogh discussed 
the contractile nature of the pericapillary cells known 
as Rouget Cells. Vimtrup observed the contraction of 
Rouget cells in Amphibia causing folding of the endo- 
thelium. Sandison (1932) found that the Rouget cells 
on the capillaries of the rabbit's ear showed no evi- 
dence of ability to contract and exerted no significant 
effect in regulating the circulation. Beecher (1936) 
using the rabbit's ear confirmed the findings of Vimtrup. 
He noted that the lumen of capillaries was often blocked 


by the swelling of endothelial nuclei. 


Using transparent chambers in the rabbit'ts 


ear, Clark and Clark (1940) arrived at the opposite 
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conclusion; namely that the Rouget cells are non contrac- 
tile. Previously they had obtained similar results with 
Amphibians. Zweifach (1934 and 1936) concluded that the 
pericapillary cells were non muscular and resemble con- 
nective tissue cells when he noticed no contraction upon 
direct stimulation of the vessels with a microneedle. 
Capillary beds in the frog and mouse were observed. The 
endothelial nucleus swelled and protruded into the lumen 
of the vessel when the endothelium was stimulated mechan- 
ically. A localized constriction of the canillary walls 
followed. The stimulation was expecially effective when 
applied at the nuclear nodes. He also observed that dila- 
tion and constriction of the arterioles was followed by 
the passive opening and closing of "valve like folds of 
endothelium” at the junction where the capillary branches 


from the arteriole. 


Using the retrolingual membrane of the pithed 
frog for observation, prepared according to the method 
of Pratt and Reid (1930), Fulton and Lutz (1940 and 1942) 
offered convincing proof that the contractile elements of 
capillaries were found only at the capillary origins. Stim- 
ulation with a micro-electrode along the capillary wall 


produced no effect whereas stimulation of the smooth 
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muscle cells at the origins resulted in a sphincter like 
constriction. The response was not affected by the arter- 
lolar or precapillary activity at the time. These inves- 
tigators found evidence supporting the concept of a smooth 
muscle motor unit, but they hesitated to say whether the 
units or individual fibers yielded to an all or none re- 
sponse. It is interesting to note the possible conflict 

of opinion between these findings and those of Eccles 

and Magladery (1937) which indicate that smooth muscle 
cells act all or none whether in single fiber or motor 


unit form. 


Woolard (1926) noticed a loose investment of 
non-medullated nerve filaments in the capillary area. 
According to his observations, none ended upon the cap- 
illary wall. This sympathetic plexus is considered to 
be "physiologically discontinuous" by Fulton and Lutz 
(1942). Krogh (1920) stimulated the sympathetic fibers 
in the frog's web. The capillaries contracted. If the 
constrictor tome was eliminated by section of the sciatic 
or excision of the sympathetic ganglia in the abdominal 
region, dilation resulted. The existence of dilator 
fibers has been debated and most investigators adhere to 


the view that a chemical intermediary substance brings 
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about the opening of the capillaries. Innervation will 


be discussed further under the next topic. 


Ets NATURAL VARIATIONS IN BLOOD FLOW 


Krogh (1921) found more vessels open in active 
than resting tissue in his observations on the skin and 
web of the frog. Lewis (1926) however noted little change 
in the capillary pattern of the human skin suggesting that 


these channels must dilate when blood flow is augmented. 


That the capillaries are able to regulate their 
blood flow has been established earlier by Krogh (1920) and 
later by Fulton and Lutz (1940). Fulton, Jackson and Lutz 
(1946) frequently observed two types of spontaneous inter- 


mittency of blood flow in the small vessels of the hamster 


cheek pouch. One type was similar to that observed in the - 


frog's retrolingual membrane, (Fulton and Lutz,1942) 

resulting from the sphincteric activity at the precapil- 
lary junctions. The direction of blood flow was seen to 
reverse in some capillaries. This type was probably due 


to changes in the pressure differential between the ends 
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of the capillary. 


Chambers and Zweifach (1946) also reported 
changes in the caliber of the vessels and suggested that 
the extent and distribution of the capillary bed wad con- 
trolled by vasomotion, occuring at intervals of fifteen 
seconds to three minutes depending on local conditions in 
the tissue. In resting tissue, the phase is augmented, 
the blood flow becoming continuous only in central chan- 
nels and sporadic in the true capillaries. During the 
mechanical irritation, the opposite is noted; vasomotion 
ceases, meta-arterioles and precapillary sphincters open 
and the capillary bed becomes flooded with blood and hy- 


peremia exists. 


Since the early discovery of intermittent capil- 
lary flow by Lewis (1927) and Krogh (1929), other workers 
have made similar observations. In the arteriolar origin 
of the capillary loops in the epidermal papillae at the 
base of the human finger nail, moment to moment changes 
in caliber take place according to Crawford (1926). 

Grant (1950) noted alterations of blood flow in the vessels 


of the rabbit's ear affer mechanical injury. Wyman and 


Tum Suden (1932) observing the vessels in the serous mem-~ 
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brane of the rat's intestine witnessed a change in caliber 
of arterioles every few seconds. Burton and Taylor (1936) 
observed further variations of a few seconds to three 
minutes in the vessels of the rabbit's ear through a trans- 
parent chamber. “he plethysmograph records of the digits 
in the human hand by Hertzman (1941) indicated that recur- 
rent vasomotion was normal. Nicoll and Webb (1946) noted 
an active and a passive vasomotion in the wing membrane 
vessels of the bat. “he former was said to be due to the 
muscular components especially in the precapillary sphinc- 
ters, the latter to alterations in pressure. These obser 
vations are in agreement with the earlier observations of 
Fulton, Jackson and Lutz (1945). Chambers (1948) confirmed 
these results indicating local tissue conditions were very 
important in regulating peripheral circuhation. Vaso- 
motion was the controlling factor. The thoroughfare chan- 
nels and precapillary offshoots were seen to relax and 
contract spontaneously from minute to minute, responding 

to different phystological conditions. When vasomotion 
was slight, the precapillaries remained open, spreading 
the blood flow through the capillary bed. Active vaso- 
motion produced a rapid flow through the preferential 
channels only. Chambers and Zweifach (1944 and 1948) 


examining the vessels of the rat's mesoappendix and the 
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dog's omentum reported intermittent activity of thirty 


seconds to three minutes at the precapillary sphincters. 


Burton and Taylor (1939) further suggested that 
vasomotion depended on nerve control. This was later 
confirmed by Chambers and Zweifach (1946). Nicoll and 
Webb (1946) however evidenced a continuance of vasomotion 
after denervation. The rhythmical beat observed by Fulton 
and Lutz (1940) in restricted vascular areas indicated 
that a nevro-motor mechanism controlled the small blood 
vessels of the frog. The perivascular plexus appeared to 
be composed of vasodilator and vasoconstrictor fibers, since 
the stimulation of certain fibers yielded an individual 
response. In 1942, they reported a diphasic response to 
nerve stimulation, dilation followed by constriction. 
Further investigation revealed that rather than a con- 
tinuous muscle syncitium as was reported by Bozler (1939) 
in mammalian uteri, muscular elements were confined to 
the points of union between the particular vessels. As 
early as 1909, McGill had offered proof for a partial 


syncitium in mammalian vascular smooth muscle. 


The importance of maintaining normal vaso- 


motion is evident. Such a delicate mechanism may easily 
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be disturbed when preparing tissue for observation. The 
natural behavior of the vessels is disturbed by only 
slight trauma, (Chambers and Zweifach 1947,1948). Oc- 
casionally slight edema may be evident under such cir- 


cumstances (Chambers, 1948). Care in tissue preparation 


therefore is vital in obtaining controlled conditions. 


IV LIST OF ANIMALS AND TISSUES USED 


The vascular beds of the following tissues and 
organs have been observed by various investigators in 


studies of vitamin and hormone action: 


1. Skin, web and retrolingual membrane of the frog. 


2. Rabbit's ear. 


3. Rat's mesoappendix and endometrium. 

4. Dog's omentum. 

5. Cat's mesentery. 

6. Cheek and pouch of the golden hamster. 
7. Bat's wing. 

8. Guinea pig mesentery. 


9. Mammalian interdigital web, 
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ll. 


Sexual skin and nasal skin of the monkey. 


Human nail bed. 


Pitrassin was applied to cutaneous capillaries ins 


1, 
Qe 
Se 
4. 
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Epinephrine 
l. 
2. 
3. 
4. 
5. 
66 


Leg of hypophysectomized frog. 
Web of frog. 

Dogs. 

Cats. 


Rabbits. 


was applied to vessels ofs 
Frog skin, web and mesentery. 
Rat mesoappendix. 

Rabbit's ear. 

Guinea pig mesentery. 

Dog muscle and omentum. 


Cat mesentery. 


Epinephrine was also administered following thyroid- 


ectomy and adrenalectomy. 


Adrenal cortical hormones were given tos: 


Ls 
2 


Scorbutic rats, guinea pigs and rabbits. 


Adrenalectomized dogs and rats. 
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guinea pigs. 


Adrenotropic hormone was administered tos 


Guinea pigs. 


Rats. 


Estrogenic hormones were administered to: 


Men and women 
Dogs. 
Rabbits. 
Monkeys. 
Rats. 


Cats. 


Niacin was used with normal subjects and with pellagrins. 


Ascorbic acid treatment was used on rabbits and rats and 


Vitamin P was used ons 


Guinea pigs. 
Rabbits. 
Rats. 


Man 


Studies were made of riboflavin deficiency ins 


Swine. 


Albino mice. 
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3. Men and women. 


Thiamine deficiency was studied in men. / 


Ascorbic acid deficiency was studied ins 


Le Rats. 


2. Guinea pigs. 


V METHODS OF INVESTIGATION 
A. Instrumentation 
A popular method of observing the small blood 
vessels of the rabbit's ear was introduced by Sandison 
in 1924. A transparent window is inserted several days 
before experimentation. It offers a satisfactory means 


of direct visualization of the peripheral circulation 


and has been used by the following investigators: 


1. Grant, 1930 

2. Sandison, 1952 

5. Clark, Clark and Williams, 1934 
4. Clark &Clark, 19354 and 1940 

5. Wilson, 1935 


6. Beecher, 1936 


7. Reynolds and Foster, 1957, 1940 and 1941 
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8. Rigdon, 1940 

9. Rigdon and Chrisman, 1941 
10. Abell and Page, 1942 

11. lLewison and Essex, 1943 
12. Chambers and Copley, 1947 


Pratt and Reid in 1930 instituted a method 
for working on the terminal nerve muscle units in the 
retrolingual membrane of the froge The vascular bed of 
the pithed frog is illuminated by transmitted light. 
This preparation is an excellent way to observe the vascu- 
lar bed and was used by Fulton and Lutz in 1940 and 1942. 
Other tissues were prepared in a similar manner for direct 
visualization of the small blood vessels, for examples 
The skin and web of the frog; Krogh, 1921 
The dog's omentum; Chambers and Zweifach, 1948; 
Zweifach, Lee, Hyman and Chambers, 1944 
Rat mesoappendix; Chambers and Zweifach, 1948 
Hamster cheek pouch; Fulton, Jackson and Lutz, 
1945 | 
Nasal mucosa and sexual skin of the monkey; 
Collings, 1926; Akroyd and Zukerman, 19383 
Mortimer, Wright, Bachman and Collip, 1938 


lhe capillary loops of human skin; Carloni, 1930; 
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Harpuder, Byer and Stein, 194'7; Abramson, 


Katzenstein and Senior, 1940 


Plethysmograph records of finger volume were 
used as indication of digital or radial blood flow by 
Eichna and Bordley (1942), Reynolds and Foster (1937, 
1939, 1942) and Harpuder and Byer (1947). In 1947 Burch 
described a new portable tyne of instrument. Cruikshank 
and Whitfield (1945) introduced a new technique for esti- 


mating the blood volume by using the dye T 1824. 


In the experiments determining permeability of 
the capillaries, intravenous injection of Trypan blue was 
commonly used. The filtration of the stain from the 
circulating blood was used as an indicator bys 

Menkin, 1940 

Freea@ and Linder, 1941 

Rigdon and Chrisman, 1941 
Hechter, Krohn and Harris, 1942 
Shleser and Freed, 1942 

Fine and Fischman, 1942 

Graham, 1943 


Be Administration of Hormones and Vitamines 


Estrone (theelin), estradiol fusually in the 
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benzoate form), stilbestrol (the diethyl type), pro- 
gestrone and the proprionic ester of testosterone were 
injected intramuscularly, subcutaneously or intravenously. 
Occasionally oral doses were given to women, and dogs; in 
each case the dose being three or four times larger than 
by other types of administration. An aqueous solution of 
estrone gave a more prolonged effect than an oil solution 
in producing estrus in rats (Grollman, Harrison and 
Williams, 1940). It may also be more effective in pro- 


ducing vascular effects although no such evidence is given. 


“he dosage varied according to the subject, 
frequency of administration, tyoe of injection and 
hormone used in each experiment. the Human dosage varied 
from 10,000 international units to 10,000 rat units daily, 
when the hormone was stilbestrol and estrone respectively. 
It is now widely accepted that one rat unit is approx- 
imately equal to ten international units. Dogs were 
given five to ten milligrams daily; monkeys were given 
ten milligrams daily; rats were given ten to twenty rat 
units when estradiol benzoate was used. Comparison of 
dosage may be made according to the following schemes: 
one milligram of estrone equals ten thousand international 


units; estradiol benzoate had a potency of 6,000 rat units 
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per milligram, one milligram of disthylstilbestrol is 


equal to twenty thousand international estrone units. It 


therefore follows that five milligrams of diethylstilbestrol | 


has approximately the same estrogenic potency as one and 
two thirds milligrams of estradiol benzoate or ten mile 
ligrams of estrone (MacBryde, 


Castrodale, Helwig and 


Bierbaum, 1942). To produce the same effect as an intra- 
muscular dose equivalent to 100,000 international estrone 
units, an oral dose four times as large had to be adminis- 
tered. It was difficult to estimate what could be con- 
sidered an effective dose since most of the papers read 
gave scanty information concerning it. Vague statements 


such as “Large doses of estrogens were given" were typical. 


Krogh (1926) introduced subcutaneously minute 
drops of pituitrin diluted 1:100 to obtain an effect on 
the web vessels of the frog. Levinson and Essex (1943) 
made dilutions of pitressin with physiological saline 
solution to obtain a strength of 2.90 pressor units per 
cubic centimeter. The mixture was made just prior to 
injection into marginal vessels of the rabbit's ear and 
given in doses of 0.1 pressor units per kilogram of body 
weight. At intervals of 10 to 15 minutes, four doses were 


given. Woodbury and Ahlquist (1946) also used intravenous 
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injections. Abell and Page (1942) achieved similar effects 
with 0.6 units. Other investigators like Wilson (1935) 
diluting with sterile Ringer's solution used varying di- 


lutions of 0.5 to 5 mg. 


Sandison (1932) used 1:100,000 dilution of adrenal- 


in for intravenous injections in the marginal vessel of the 


rabbit's ear. This is the same dose Levy (1916) and Lutz 
and Wyman (1925) administered to test its sensitization 

on the sympathetic nerves of the cat. Lee and Lee (1947), 
Landis (1946), Chambers and Zweifach (1944, 1947), and 
Dantlopolu (1946) used topically applied epinephrine but 
made no mention of amount. Griffith, Omachi, Lockwood and 
Loomis (1947) made one cubic centimeter injections per 
minute in the jugular of the anaesthetized cat. Harpuder, 
Byer and Stein (1947) used intrarterial injections of ad- 
renalin, the doses varying from 0.0002 mg, to 0.05 mg. when 
measuring the effect on the blood vessels in the human 
forearm. Parrot and Lavolly (1944) injected intraperi- 
toneally in guinea pigs and intramuscularly in man. 
Levinson and Essex (1943) found that 0.05 cubic centimeter 
of 131,000,000 solution in the marginal vein of the rabbit 
was effective; 1:1,000 especially effective. Abell and 
Page (1942) administered 0.0015 mg. to 0.10 mg. intrave- 
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nously. Grant (19350) used dilutions of 1:10,000 to 1:1,000 
for the chloride. Wider variations of strength were used 
by Wilson (1935) of 1:20,000 to 1:10. Meidinger (1946) 
found adrenaline ascorbate and adrenaline hydrochloride 


equally effective. 


Fouts, Helmer, Lepkovsky and Jukes (1937) admin- 
istered 500mg of nicotinic acid orally to normal and pel- 
lagrin subjects. Smith, Ruffin and Smith (1937) chose to 
give intramuscular injections of 60 mg. and intravenous 
injections of 12mg. In 1938 Sebrell and Butler achieved 
results with as little as 30 to 50 mg. oral doses daily. 
Sydenstricher, Schmidt and Fulton (1938); Spies, Cooper 
and Blankenhorn (1938); France, Bates, Barker and Matthews 
(1938) all used oral administration. Spies, Hightower and 
Hubbard (1940) reported using large doses while Abramson, 
Katsenstein and Senior (1940) gave 200 mg. orally or 5 to 
25 mg. intravenously. In 194l1 Loman, Rinkel and Myerson 
experimented with injections into the basilic vein or 


carotid artery of doses varying from 12.5 to 50 mg. 


Vitamin C was administered orally and paren- 
terally to scorbutic guinea pigs by Menkin, Wollbach and 
Menkin (1934) and Wollbach (1937) and again orally to man 
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by Wollbach and Bessy (1942). The oral doses were reported 


to be larger. 


In treating increased capillary fragility, vita- 
min P was given orally to guinea pigs by Bourne (1943), to 
man by Scarborough (1945) and Shanno (1946) and to rabbits 
by Ambrose and Deeds (1947). Vitamin P was applied topi- 
cally on the rat's mesoappendix by Haley, Clark, Geisman 


(1947) and the vascular effects were noted in each case. 


In order to establish the association between 
the two vitamins, Gabe and Parrot (1948) gave large oral 
doses of both C and P to rats and guinea pigs. Ina 
second experiment Cotreau, Gabe, Géro and Parrot (1948) 
used 10 mg,of ascorbic acid along with large doses of 


vitamin P in tests with guinea pigs. 


Co. Endocrine Ablation 


In a series of experiments by Swingle, Vars 
and Parkins (1934), Parkins, Taylor and Swingle (1935) 
and Swingle, Parkins, Taylor and Hays (1936, 1937,1938), 


dogs were adrenalectomized to note the effect on capil- 
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lary tone. Swingle, Parkins and Taylor (1938) also Cope, 
Brenizer and Polderman (1942) adrenalectomized dogs 
previous to administering adrenal cortical secretions. 
Before the administration of ACTH, the adrenals in rats 
were removed by Sayers and Sayers (1945, 1947) and by 
Shorr, Zweifach and Furchgott (1947). 


Hypophysectomy of frogs was practiced by 
Krogh and Harrap (1921), Krogh and Rheber@ (1922) and 
by Krogh (1926) in a series of experiments indicating its 
effect on capillary tone. Heinbecker (1948) used hy- 
pophysectomized dogs to denote the sensitivity of blood 
vessels to epinephrine and desoxycorticosterone. Hy- 
pophysectomized rats were used by Sayers, Sayers and 
Woodbury (1948) to reveal the effect of ablation on the 


ascorbic acid content of the adrenals. 


VI OBSERVATIONS 


A. Hormones 
1. Posterior Pituitary 


In 1921 Krogh and Harrop postulated the theory 
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that capillary tonus was maintained by a substance 

present in the circualting blood of frogs and mammals. 

The probability that this principle was liberated from the 
posterior pituitary was suggested. The substance was 
shown to have chemical reactions similar to those of the 


active principle of the pituitary. 


These views were strengthened by several inves- 
tigations performed by Krogh and Rheberg (1922). Twenty 


four hours after the removal of the posterior lobe of the 


pituitary from Rana temporania, the capillaries in the 
skin and web were strongly dilated and the circulation 

was sluggish. Since these effects did not result from 

the removal of the glandular portion of the pituitary 
alone, it was inferred that the "capillary hormone" did 
not have its origin here. Further experiments demonstrated 
that injection of strong solutions of pituitary extract 
(pituitrin) into the web of the frog produced a constric- 
tion of the arteries and capillaries whereas introduction 
of minute droplets caused contraction of the neighboring 
capillaries without affecting the arteries. Krogh (1926) 
compared the pigmentary reactions of the skin of the 


frog to different concentrations of pituitary hormone by 


perfusing the two legs with different dilutions. Once 


ent mort: betatedt £ Baw elgtonteg oe 


» & Leoment bre axon’ ‘to boots un aL 


tee ae 


edt to eeont of saLtnte anotdonét Keotwedia ovad of wore 


) svat todtq et Yo elotontag evitos 


-cevol [preven yd benertgrette otew eweltv ened? 
vdrowT -(sser) arededi bra Agotd yd beorrotteq enchtsata 
ent To sdof totreteog eft to tevenet oct teste exsiont iwo0t 


edt of eslselilasoe end eAleexommes “nei oT? cred tute | 


notdefuorto edt bow hesantihh.4 tandee orew dew bra ohve 


mot? tfveex ton BEB edovtte seeds conte stetygute a 
gietindtc edt to: Hobdnca tefubusly suis to favomer ecid 


bth “enomwrod trefltqrs" etd tet bexrtetnl eew jt ecole 


betarderomeb etromtreaxe teddnu® -éred cfutre edt evad goo 
teettxe yiadiudiq to enottuloe ynotte to cottoetal tar? 


-olitenos eg besvbotg gott edt to dew eft o¢nt (alas tudtg) 


nottovbortnt eserte dw celia ligne bose eoltedre ont to nolt— 


gatroddzuten eit To noktgandnos beauas ete Lqorb etuntm 0 


(a8el) Aaotd  sgeteadies edd aptdoette duortatw. cotmatitgne 


eft to moive end to ecolioret yisdiomutg: rf benaqitos 


yd ecomrod yrsttotte £6 enottartneonco staat 
cates? 


eond .enotdyLhb snowed tb fdiw Wiad ome ott : 


again he confirmed his previous results indicating that 
the characteristic action of the pituitary posterior lobe 
principle is to sustain the tonus of the capillaries. It 
is interesting to note that the posterior lobe extracts 
exert even a stronger effect on the capillaries than they 
do: on the arteries. Dilutions of such a strength as to 
not affect arterial tone have a very déffinite effect in 
the frog on the capillary tone; hence the term "capillary 
hormone". Its specific chemical nature is yet to be de- 
termined. Indeed actual proof that such a substance is 


secreted into blood or lymph is yet lacking. 


Wilson (1939) reported a constriction of 
arteries injected with 0.5 to 5 mg, solutions of pressor 
material from the posterior lobe (vasopressin) diluted 
with sterile Ringer's solution. Her injections were 
made into the marginal vein of the rabbit's ear. Changes 
in the caliber of the veins seldom occurred. As far as 
could be determined, pitressin never seemed to initiate 
rhythmic contraction. No statement regarding the capil- 


laries was made. 


Abell and Page (1942) stated that although 


pitressin was capable of constricting the arteries and 
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arterioles of the rabbit’s ear, reducing blood flow 
severely; arteriolar pressure was elevated but slightly. 
The injections were followed in 20 to 30 seconds by halt- 
ing of the circulation for approximately five minutes due 
to arteriolar constriction. Independent capillary con- 
striction was not apparent; no lumens were seen to close. 
The response was much the same in the denervated ear. It 
was suggested that the ability of pressor substances to 
cause vasoconstriction varies greatly in different parts 


of the vascular systen. 


Under excellently controlled conditions, 
Levinson and Essex (1943) noted the effect of pitressin 
on the vessels of the rabbit's ear through transparent 
chambers. Within 20 seconds after injection, powerful 
constriction of arterioles was apparent, the maximal ef- 
fect lasting three to ten minutes. Again individual con- 


striction of capillaries was not observed. 


The hypothesis that pitressin raises the blood 
pressure was presented by Woodbury and Ahlquist (1946). 
However it was noted that cutaneous warmth was experienced 
by some patients after intravenous injections of pitres- 


sin. Pulse curves of cats following administration of 
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pitressin have indicated vasodilation. Following in- 
travenous injections in dogs, the blood flow through 
cutaneous vessels increased as a result of the rise in 
arterial pressure and dilation of cutaneous vessels, 
whereas in muscular tissue, the opposite response oc- 
curred. Different conditions, species and individual 
dogs demonstrated variation in the amount of cutaneous 
vasodilation. Severing of the supplying nerves produced 
no change. It was found that pitressin induced a vaso- 
constrictive effect in rabbits and that the blood vessels 
became more sensitive to the peripheral vasoconstrictive 
action of pitressin after nerve degeneration. A dilatory 
blood flow in the denervated skinless frog's leg followed 
intravenous injection of pitressin. These observations 
indicate that this substance has the potentiality of pro- 
ducing either response in cutaneous vessels, ie. dilation 


or constriction. 


2. Adrenal 
a. Medulla 
After the cervical sympathetic in the neck of 


cats is stimulated, adrenin is 200 to 300 percent more 
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effective in augmenting the arterial pressure (Levy,1916). 
This does not occur if the thyroid glands are extirpated 
before the investigation is made. In the presence of the 
thyroids and upon their stimulation, the sympathetic nerve 
endings become more sensitive to the action of adrenalin. 
In 1925, Lutz and Wyman resumed these studies. A rise in 
pressure was found to come about after the removal of the 


adrenals and the thyroid glands. 


Krogh (1921) found that whereas the constric- 
tor action of pitressin was confined to the capillaries 
of the frog's skin and web, that of adrenalin was effected 
on the arterioles and arteries. The exact function of 


these two hormones was questioned. 


The effect of various dilutions of adrenaline 
chloride on the normal and denervated ear of the rabbit 
was examined by Grant (1930). A marked constriction ori- 


ginating at the point of injection traveled up and down the 


artery obliterating the lumen of the vessel. Local rhythmic | 


oscillations in caliber commenced shortly previous to max- 
imum extension. Sandison (1932) noted the arteries and 
arterioles of the rabbit's ear constricting following the 


intravenous injection of 1:100,000 concentration of 
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adrenaline. The capillaries remained unchanged; the flow 
of blood within depending on existing conditions in the 
neighboring arterioles. Using similar experimental con- 
ditions, Wilson (1955) found that constrictor effects 
varied from slight to intense according to the strength 
of adrenaline chloride used. Rigdon (1940) proposed that 
epinephrine be used to check the exudation of blood cor- 
puscles and plasma because it exhibits artertolar con- 
striction. No conclusive experiments have been performed 
showing epinephrine's specific effect on capillary per- 
meability. Landis (1946) found that epinephrine lessens 
local edema. Abell and Page (1942) observed arteriolar 


narrowing but the capillary lumens remained open. 


The typical epinephrine response was recorded 
by Levinson and Essex (1948) in the rabbit's ear, occirring 
within 20 seconds after the injection. The reaction 
varied in intensity from one arteriole to the other al- 
though the dose was the same in each case. Occasionally 
small doses initiated constrictions at irregular inter- 
vals along the arterioles giving the vessel an "appearance 
of a string of sausages". This conception lends support 
to the smooth muscle motor unit theory of Fulton and Lutz 


(1942). Maximal constriction occurred over a period of 
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time varying from thirty seconds to sixty seconds. Often 
relaxation of the vessel followed by dilation for a few 
seconds occurred. A concommitant narrowing of lumina of 
venules was noted, but this was a weak response. The 
capillaries on the other hand were devoid of activity, 
remaining open as long as blood was received from the ar- 
terioles. After denervation of the ear, a diminished dose 
of epinephrine was just as effective in producing the de- 
sired response. Initiation of the action in this case was 
Slower, but of longer duration. Once again no adequate 
explanation was given to account for the increase in sen- 
sitivity to epinephrine and the return of “vascular tone" 


following denervation. 


The periodic vasomotion of metarterioles and 
precapillaries and their susceptibility to chemical 
changes in the immediate tissue area is significant, 
(Chambers and Zweifach, 1944). Their reactivity to epi- 


nephrine was reported. 


Danielopolu (1946) observed that small doses of 
epinephrine caused vasodilation whereas large doses pro- 
duced the vasoconstrictor response, "agissant sur la cel- 


lule de ltorgane terminal". ‘he studies of Griffith, 


28. 


sett | sebnosee vixte oth | 0 
wet £ t07 notte (tb vd be ae 6 seh 
‘to apimul To, antwomren seins saat 11000 
el? .eenoqeet seow B enw elite + te boson daa 
wiivitor Yo bloveb onew Sais ne 


ave etd ioe? bevieoe: B2W boold ‘an snot oe. -eg0 
ae Herletotmtb B wise eit to anit oy “6: ai ty) Bee 


new 9889 efit nt hada sei i cde ted ; oT 
edaupehe on olsae eond. _ emtotd stub, aesn0f 20 aud eT X f 
~nee ot esperont end 10% dnuooDs! of: hevig enw robtanetexe: 
"sod sesfuseav" to anutet. edz one ectasqentoe oF piikactil 

| -cotdavaeneb wo L, 


a as a i 


bre eeloltreirstem To not tomoeey olboiteq ‘ont ha t 

Leoltmedo os ytiltdidqesane atlett Dre colneritusseng 

(innoltingte el sete iene etal beaunt ent nt <a | 
~fce ot ytivitoser xtedT  ,{dheL aHloet lows pee | ‘Tedine 


sbedmodae, caw onto | 


rine Ne he Ok f ae 
to, aee0h {femme tet bevreedo (aner) uiogefetoad. | 
~ omg eenob. suiel ernetedw noltsliboeey. RRSUER'? 


~[eo ef wwe tO: 1 22009 20% abhi “in 


Omachi and Lockwood (1947) indicate that either effect 

may occur depending on the rate of injection or uncon- 
trollable conditions in the surrounding medium. Intra- 
jugular injections of adrenalin were used to note the ef- 
fect on the blood flow through the hind limb or resting 
muscle of anaesthetized rats. Harpuder, Byer, and Stein 
(1947) recorded measurements of blood flow in the human 
forearm following intra-arterial injections of epinephrine. 
Doses from 0.002 pes to 0.05 me. into the brachial artery 
initiated an immediate rise in blood flow suggesting vaso- 
dilation sometimes followed by vasoconstriction, whereas 
doses of one to two ag- lowered the blood flow locally. 

As far as could be determined, doses of 0.05 to 0.1 gamma 
were ineffective. The concept of threshold activity im- 
plies the existence of vasodilator and vasoconstrictor 


mechanisms. 


In describing the capillary bed, Chambers and 
Zweifach (1946) reported that the muscular constituents 
especially the metarterioles and the precapillaries are 
particularly affected by epinephrine stimulation. The 
observations of Chambers and Zweifach (1947) indicate, 
too,a definite point of concentration at which the mus- 


culature of the normal capillary bed responds to epine- 
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phrine. It is suggested that a vasoconstrictor material 
causes the muscular components to bedome more sensitive 

to the hormone. A vaso-depressor substance would initiate 
the opposite reaction. It was suggested that these vaso- 
tropic principles originated from humoral factors and are 
carried by the blood. In 1948, Chambers and Zweifach con- 
firming the precapillarysphincter concept of Fulton and 
Lutz (1940, 1942) while observing the capillaries in the 
dog's omentum noted that the muscular elements here were 


especially reactive to epinephrine. Minute concentrations 


which produce no effect on larger blood vessels yielded 


a definite constrictor response. 


Extreme care in preparing tissue for observation 
and controlled conditions are essential in order to 
achieve significant results concerning the epinephrine 


response. The important part humoral factors play in 


conditioning the reaction has already been mentioned. 
Induced shock has been shown to heighten the epinephrine 
response in the peripheral blood vessels of the cat mesen- 
tery and dog omentum (Shorr, Zweifach and Furchgott,1947). 
Accor@ling to Heinbecker (1937, 1948), failure of the neuro- 
hypophysis to function properly renders the blood vessels 


especially susceptible to the action of epinephrine. 
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be. Cortex 

In a series or experiments on adrenalectomized 
dogs, Swingle et al, (1934, 1935, 1936, 1937, 1938a, 1938b) 
proposed that adrenal cortical secretions are necessary 
to maintain capillary tonus. Adrenalectomy with its con- 
commitant decrease in these hormones is followed by capil- 
lary atony with its accompanying dilation of vessels and 
Slackening of the blood current, increased capillary per- 
meability and eventually "perivascular stagnation". 
Swingle and Remington (1941) went a step further and ad- 
ministered desoxycortisosterone acetate or cortical extract 
to adrenalectomized dogs. The restoration of vessel per- 
meability was apparent since the ability to retain trans- 


fused serum was enhanced. 


Menkin (1940) and Cons, Brenizer and Polderman 
(1942) demonstrated that intra-cutaneous injections of 
adrenal cortical extracts or desoxycorticosterone acetate 
decreased capillary permeability in rabbits. The same 
results were achieved by Freed and Linder (1941) and 
Shleser and Freed (1942) administering cortical steroids 
and crystalline corticosterone. Contrary to the findings 


of Menkin (1940), Fine and Fischmann (1942) using paren- 
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teral injections of desoxycorticosterone acetate in the 
rabbit's ear discovered no change in capillary permea- 
bility. Hyman and Chambers (1943) found that adrenal 
cortical extract and 1ll-desoxycorticosterone reduced edema 
formation. The criterion used was a decrease in the weight 
of the perfused hind limbs of the frog. Zweifach, Shorr, 
Furchgott (1947) presented evidence that cortical hormones 
had a direct effect on vascular tone. Ablation of the 
adrenals in rats caused a diminished reactivity of the 
muscular constituents of the vascular bed. Administration 
of cortical extracts was found to be very effective in re- 


storing to normal the tonus of these vessels. 


Once again the importance of well controlled 


methods of investigation is to be emphasized. The in- 
creased permeability produced by shock, however, can be 
counteracted by corticoids according to Seyle (1946). 
Heinbecker (1948) has shown that diminished neurohypo- 
physis function is followed by a heightened sensitivity of 


the blood vessels to desoxycorticosterone. 
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5S. Ovarian 


The most detailed work concerning the relation- 
| ship between the sex hormones and blood vessel act‘vity 
has been done by Reynolds and Foster and recorded in a 
series of papers printed from 1937 to 1940. Experiments 
were performed to demonstrate the peripheral vascular ef- 
fects of estrogen on the rabbit, human male and female. 
Observations were made on the trans-illuminated ear of 
the anaesthetized rabbit given a subcutaneous injection 
of estrogen. To eliminate the source of é6strogen in the 
organism itself, ovariectomized animals were employed. 
The minute vessels (arterioles, venules, arterio-venous 
anastomoses and capillaries) which are indistinct to the 
naked eye but give rise to the ground color of the ear 
(Grant, 1930) exhibited dilation within three to twenty 
minutes after the injection. The effect was characterized 
by the opening of an extensive network of vessels which 
may be detected only in fragmentary bits during the pre- 
injection period. In addition, numerous capillary loops 
opened and red blood corpuscles were observed trailing 


through the vessels. 


Measurenents of the skin temperature showed 


that at moderate or low room temperature (18 C = 24 C) 
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the vasodilation took place with either no change in ear 
temperature or with a fall in skin temperature. Dener- 
vation of the ear produced no change in response. This 
group of small blood vessds resemble qualitatively the 
blood vessels of the human skin with the exception that 
the former are more sensitive to changes in temperature. 
It appears that the ears of the rabbit constitute a pri- 
mary route for heat loss while in the human such activity 
occurs over a much larger surface. This factor is sig- 
nificant in evaluating the following. The rate of blood 
flow through the ear did not increase materially. This 
rather varies with requirements for heat loss which vaso- 
dilation of small vessels impose in the regulation of 
normal body temperature under experimental conditions. 

It was clear that on physiological grounds that with an 
enlarged capillary bed in the ear, the possibility for 
increased heat loss with less arteriolar vasomotor ad- 


justment was readily possible. 


To observe the dermovascular action of estrogen 
in the human male, intramuscular arm injections of the 
hormone were administered as unknowns to the subjects. 
Those responding to corn oil injections were eliminated 


from the exneriment. In three to fifteen minutes, the 
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finger volume showed a steady increase for a half hour 
period, occasionally after a transient decrease (vaso- 
constriction resulting from nervousness at the time of 
injection). During the period of vasodilation, no per- 
ceptible rise in nail bed temperature or in plethysmograph 
temperature occurred. +t was concluded that vasodilation 
takes place beyond the small arterioles since the volume 
change is affected without a significant alteration of 


blood flow. 


Women in menopause were studied under similar 
conditions. One type of response followed that pattern 
noted in males. In the sscond, a much more rapid in- 
crease could be observed, frequently with an increase in 
temperature so the conclusion was drawn that arteriolar 
dilation may occur in such patients. This latter response 
was observed in women who were nervous before or during 


the course of the treatment. 


Vasodilation occurred both as a dermovascular 
reaction to estrogen and as a menopausal flush. In the 
latter, the effect was in part due to arteriolar dilation 


and in the estrogenic response, the smallest vessels 


beyond the arterioles were involved. In this case, the 
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response seemed to be a direct effect of the hormone, 
whereas in the flush type, intermediation of nervous 


activity (inhibition of arteriolar tone) was involved. 


the tonicity of the cutaneous capillary net- 
work had been known to vary with each phase of the menstrual — 
cycle. Carloni (1930) in a series of studies on women 
during all phases of the menstral cycle as well as the cli- 
macteric, administered parenterally specific quantities of 
follicular extract and corpus luteum extract. Capillary 
loops, their blood volume, characteristic blood flow and 
visibility of the subpapillary network were observed be- 
fore and after administration of the hormone. Modifications 
presented by the fine vessels were seen with a capillary- 
scope. “he follicular hormone was found to have definite 


vasodilating and hyposensitive properties. The ascending 


segment of the capillary loop appeared more vokuminous. 
The reaction was most frequent and of the longest duration 
in the first phase of the menstrual cycle (that phase in 
which this hormone is predominating ). After the injec- 
tion of the luteal hormone, there was a prevalent dila- 

tion of the descending segment. this resvonse reachéd | 
its maximum intensity in the third phase of the cycle. 


Once again the strongest reaction occurred when the greatest 
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amount of corresponding hormone was produced. 


Carloni indicated that in order for the influ- 


ence of follicular hormone to be felt during the predomi- 


nance of a different ovarian hormone, the endocrine stimula-. 


tion whould necessarily be carried to nervous centers wnich 
preside over the innervation of the capillary network. 
Later work regarding capillaries invalidates his statement 
that the smooth muscle of capillaries is stimulated directly 
to dilate. 


Direct observation and histological study 
showed that hyperemia of the sexual skin occurred during 
phases of estrogenic stimulation in the monkey (Aykroyd 
and Zuckerman, 1938). High protein content of the inter- 
stitial fluid suggested that the capillary bed of the 
sexual skin became freely permeable under the influence 
of estrogenic stimulation. The excess tissue fluid in 
the swollen skin may have been due to increased permea- 
bility and consequent diminished effective reabsorption 


or osmotic pressure of the blood plasma. 


Cyclical reddening of the sexual skin in the 


Rhesus macaque as a result of estrogenic stimulation is 
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due to the engorgement of a plexus of large thin walled 
channels that lie just beneath the epidermis (Collings, 
1926). He ascribed such swelling to a change in the 
subepithelial tissues and not to edema, contrary to the 
later findings of Zuckerman and Parkes (1932) who attrib- 
uted the tissue swellings to edema. Collings concluded 
that there is a direct correlation between the degree 

of reddening of sexual skin and the size and engorgement 
of the superficial blood vessels. These observations 

were confirmed by projector tracings of sections of many 


different regions of the active and inactive sexual skin. 


The nasal mucosa of the intact monkey respon- 
ded to the administration of crystalline estrogenic sub- 
stances in the manner ef and synchronously with the 
change known to occur in the nipple, sex skin, face and 
back (Mortimer, Wright, Bachman and Collin, 1936). The 
effect was produced in both males and females, (castrate 
or normal) and immature or adult. The response was most 
obvious in the middle and inferior conchae which showed 
reddening and/or swelling. In the untreated immature 
and adult female, peaks of nasal activity normally occur 
“premenstrual” in time and at intervals of about twenty- 
eight days. Such naturally occurring nasal cyclical 


activity was most marked in the autumn months, the mating 


‘ i re te : tl 
; , 8 FARA } 
es Pier et A A ee 
pipe ore ets oe three tte 0 Dore ganna aaa 
x ' : i] 


j end ot eprado 2 or “nebo inl ‘sethecoue! - (aser: 
| ett of vdextnos 1 su1ebe ot ton bre eonests ted Lertdtaesue | 
(| dindde ony (Stef) rere, bre ceoteslous to" ‘egetbntt retet 
{ hebu foro syatiited .aniebe. ot eantllows eveett ert bedu 
| eergeb edt neowted nottefentoo seanes a et oredt tend . 
toementoyne bre este odd Boe cine fevxee ei satoebher to 

| éhdbvavmecenia erent -siogeev poold Letottteave esd ‘Yo 
gen io enottoee to enatoatt notoetora vd bemrttnoe erew | 


} ~ritne feuxee evitoent bite evisor ails to enoltnet tnorett!b 


«foc ser rerrnom toedet ett to pede unt feean edt 
~ due oineqotd Be ontifleterre to oéttantetaimbe ont of beb | 
eft dtiw ¢Lecenordoaye Dee Qe cenram end nt eoonede: q 
bee eoxt .nive xeoe ,efagia eft rf ae00 oF won eunedo " 
edd .(08@L .ol fed Bae neiclond ,tégtaW wtenidiom) vosd | 
etettess) (80 femet bee eefam ctod at beovbot; eew tootte 
teom sew eenogeen oft .tinbsa to expt eon bre ( temnor 10 
beworde dotdw ea ioros notvetat bae efbb ha odd at evotvdo 7 . 
eiot anu t bed ventau ent al . ant flewe xe\bre sntnebber 
auooo yfilemton Giivitoe feunn to ealbed eo Laare? 3inbs bos 
-vtnowt trode to efevaetnt ts bas omtt at sepa | 


act tem ett ‘gla pevenn od ond vm besa sect oem ee 


mee Med 


ie 


on 


season. 


Freed and Linder (1941) reported that an in- 
crease in capillary permeability followed intracutaneous 
injections of estrone, stilbestrol and progesterone in the 
ears of rabbits, Hechter, Krohn and Harris (1942) inter- 
preted an accumulation of dye in the tissue svaces of the 
uterus and vagina following administration of estrogens 
and progesterone as an increase in cavillary permeability. 
Rigdon and Chrisman (1941) under similar experimental con- 
ditions demonstrated that alpha-estradiol benzoate had no 


effect. 


Reynolds, Hamilton, DiPalma, Hubers and Foster 
(1942) found that injection of progesterone created a rise 
in finger volume indicating a dilation of perinvheral ves- 
sels. These studies of castrate, eunuchoid and normal 
males showed that they reacted in a similar manner to the 
normal men and menopausal women of a previous experiment 
following injection of estradiol benzoate. Vascular chan- 
ges were evident within an hour, the heightened measurement 
persisting for about four hours. Normal values were at- 
tained about the sixth hour. No significant deviation 


from the normal of cutaneous capillary circulation could 
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be noticed by Roberts (1944) during pregnancy ( a time in 


which the circulating estrogens are increased). 


McGrath and Hermann (1946) proposed the 
clinical use of the estrogens in the treatment of peri- 
pheral vascular disease. The therapeutic quality of 
synthetic estradiols (theelin and alpha estradiol) for 
the treatment of such disturbances where vasomotor tone 
has been upset is suggested. The authors believe that 


dilation due to the estrogens is caused by the local 


liberation of acetylcholine. 


Estrogens including stilbestrol have been 


known to cause vasodilation of the endometrial blood 
vessels of the rat (Kayser, 1947). Rhythmical activity 
of these vessels ceases. Maximum effect is achieved in 
four and one half to six minutes. The deeper over all 
red color of the tissue indicated that the existing ves- 
sels are dilated and a larger number of capillaries are 
functional. These investigators present the possibility 
of a local production of and release of a histamine-like 
substance which initiates the dilation. It appeared as 
though the vascular changes were not affected by atropine, 


invalidating the previous suggestion of McGrath and 
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Hermann (1946) that acetylcnoline is set free and commences 


the dilatory effect. 


4. Testicular 

Phe dermovascular action of androgens in cas- 
trate, eunuchoid and normal males was studied by Reynolds, 
Hamilton, DiPalma, Hubert and Foster (1942). The small 
peripheral vessels of the hypogonadal males showed a sig- 
nificant increase in sensitivity to mechanical stimulation. 
A very marked increase in finger volume indicating vaso-~ 
dilation was recorded on the plethysmograph, following 
parenteral injections of testosterone. The vascular ef- 
fect was apparent within the hour and retained its maxi- 
mal effect for approximately four hours returning to 
normal by the sixth hour. The incentive for the use of 
androgens in peripheral vascular and coronary artery dis- 
ease has been furnished by the observance of these phe- 


nomena. 


The uterus and vagina of castrated rats and rab- 
bits were observed by Hechter, Krohn and Harris (1942) fol- 
lowing the parenteral injection of testosterone. The en- 


hanced concentration of dye in the tissues denoted an in- 
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crease in the capillary permeability. 


B. Vitamines 


With the exception of a few experiments con- 
cerning vitamines D and E, most of the studies conducted 
regarding the effects of vitamines on peripheral circu- 
lation have pertained to the water-soluble group includ 
ing the B complex (especially thiamine, niacin, and 
riboflavin), C and P. 


1. Thiamine 


It appears that the effect of thiamine on the 
peripheral circulation is felt totally through the nerve 
components. This vitamine plays an important role in the 
chemical mechanism of nervous excitation, more specifi- 
cally on the chemical equilibrium of the neurone. Brown 
and Feldberg (1936) and Feldberg (1943) have shown that 
the rapid loss of thiamine plus the rapid loss of ace- 
tylcholine is one of the first signs of nerve degeneration. 
The sequence of nerve degeneration due to thiamine de- 


ficiency according to Wollbach and Bessy (1942) was from 
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the periphery to the center. Deterioration of the myelin 
sheath was gradually followed by degeneration of the axis 
cylinder. In cases where risk of nerve degeneration is 
impending, administration of thiamine has been recom- 
mended. Roth and Williams (1944) found no indications 

of vasomotor disturbances in persons suffering from ex- 


treme thiamine deficiency. 


2e Riboflavin and Folic Acid 


Only scant information concerning these two 
members of the B complex could be found in the literature. 
Roth and Williams (1944) kept a group of healthy women 
on a diet restricted to 0.7 mg. of riboflavin per day 
(about half of the usual daily allowance) for two hundred 
and eighty dight days. No pathological cutaneous changes 


were detectable. 


Folic acid appears to reduce the sensitivity 
of the cutaneous vessels to estrogens (Hertz 1945). Ad- 
ministrations of maximal doses of stilbestrol produced 
only slight estrogenic response when the chick's diet was 
deficient in folic acid. With the addition of this vita- 
mine to the diet, progressive increments in response were 


recorded. 


elxs ort to shkiwtoneash we rd bono fon yAtaubans eam tinea 
et i ct saaneee evTen td deft one eeeeo oT snebnt ico 
-mooet seed set ontmetdd to nobserdetatnbs s3etbnegat 
nnottsothat om bravo? (Se@L) amet tLIW bre don Pen 


-xo mort univettuve anostreq nt eeonadivtelh totomorsv to 


“syonelotteb ontmetdd emerd 


- f - M4 ; - 'o 
[eS a Pe St al ee 
ey q 


i 


bros offot bre nfveftodt# .S 


ows ezertd untareonoo nofvamrotnt 2468 yLa0 


~ertudstedtl© edt ot brvot ed biueo. ne Lonoo a ert to- cua cnee 
 gsemow ydtleed to quorg 8 dgext (220r) ‘emetLitw bar dior 
veb teq atveftodit to .am V.0 ot bedolrteent tetb 2 10° 


herbheut owt tot (eonewoffe yiiah Iaven edt to tLed tuods) 


eennedo avoenetuo Ieotgoloddaq of .eyeb ddgte ytixto bar 


 soldstooteh eTew 


gatvsd tens ete eopber of eteeqds sien otto 


obs . (anor stvelt) erenottes | 08. efeacav evoenedss ee t0 


hesrhontg fondeoditte ta eoeof famtxen, to PCIe? 


exaw tefh e'xtotde orlt neciw oe cou eer otmezotd ee aralte veh 
~etiv etd? Ic notttbbe ent uanw | sptem of for, ot een 


44. 


3. Niacin 


The dilation of peripheral blood vessels was 
observed in ten to twenty minutes following the oral 
administration of five hundred milligrams of nicotinic 
acid to human pellagrins (Fouts, Helmer, Lepkovsky, Jukes, 
1937). A few minutes after the intramuscular injection 
of sixty milligrams of nicotinic acid, intense flushing 
of face, neck, chest and arms occurred. The results 
lasted about fifteen minutes (Smith, Ruffin, Smith, 1937). 
Similar effects were achieved with the intravenous injec- 
tions of twelve milligrams. Spies, Cooper and Blankenhorn, 
(1938) while using nicotinic acid in the treatment of pel- 
lagra noticed severe flushing of the face and extremities 
approximately twenty minutes after administration. France, 
Bates, Barker and Matthews (1938) witnessed corresponding 
vasodilatory action in the two pellagra patients treated 
with nicotinic acid amide and sodium nicotinate. The 
vasodilator action of niacin was again reported by 
Sydenstricker, Schmidt and Fulton, (1938) and Sebrell and 
Butler (1958), this time with smaller oral doses than 
given in previous experiments (thirty to fifty milligrams} 
Spies, Hightower and Hubpard (1940) found that — adminis- 


tration of niacin to normal subjects and pellagrins brought 
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about a flushing of the face and neck as well as a sen- 
sation of heat, tingling and itching. Adrenaline reversed 
this vasodilator action. Administration of niacinamide in 
high dosage to subjects saturated with niacin, did not 
exhibit peripheral vasodilation, or any other vascular 
changes as did large doses of niacin. Injections of 
twelve and one half to fifteen milligrams into the basilic 
vein, carotid artery or the brachial artery in one or two 
minutes produced flushing of the skin especially in the 
face and abdomen, lasting for thirty minutes (Loman, 


Rinkel, and Myerson, 1941). 


Using a plethysmograph for measurement of 
blood flow in the hand, forearm and leg, Abramson, 
Katsenstein and Senior (1940) studied the peripheral 
vascular effects of nicotinic acid. The blood flow was 
augmented in the parts just mentioned following adminis- 
tration of nicotinic acid, two hundred milligrams oral- 
ly or five to twenty-five milligrams intravenously. Since 
there was no alteration in blood pressure or pulse rate, 
it was suggested that the effect was felt locally by the 
smallest peripheral vessels. These authors proposed that 
nicotinic acid be used therapeutically for patients suf- 
fering with a diminished blood supply to the extremities. 
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4. Ascorbic Acid 


Menkin, Wolbach and Menkin (1934), Wolbach and 
Bessey (1942), and Chambers and Cameron (1943) have re- | 
ported the importance of vitamin C in the diet for the 
maintainance of intercellular cement to retain cohesion | 
between the epithelial cells of the capillary wall. Scor- 
butic animals were deficient in this interstitial substance. 


Hemorrhages and petechiae formation and a sluggish blood 


flow through these vessels were prevalent. 


Dalldorf (1933), Dalldorf and Russel (1935), 
Roberts, Blair and Batley (1937), Bell, Lazarus and 
Munro (1940) and Davis (1946) have observed that increase 
in vascular fragility appears as an early symptom in vita- 


min C deficiency. According to Holland, Conniff and 


Burger (19477), normal or near normal concentrations of 
ascorbic acid must be present in the tissue for the normal 


functioning of the capillary wall. Farmer (1940) and 


Crandon, Lind and Dil1-(1940), also Farmer (1941) in | 


studies chiefly on human ascorbic acid deficiency have ] 


found no significant correlation between blood levels of 


ascorbic acid and tendency of petechiae formation. 
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The failure of scorbutic animals to withstand 
trauma or to develop resistance to it is closely related 
to a visible diminishing vascular reactivity and a "con- 
sequent impotence of vaso*compensatory mechanism" (Bessey, 
Menten and King, 1954 and McDevitt, Duryee and Lowenstein, 
1944). Ungar (1943) and DePasqualini (1946) found the pre- 
treatment with ascorbic acid was significant in protecting 
guinea pigs against trauma. The amounts of ascorbic acid 
found in capillary blood is very minute (Raoul, 1947 and 
Vogt, 1948). 


Lee and Lee (1947) subjected a group of guinea 
pigs to experimental scurvy, and then observed the vas- 
cular changes of the mesenteric capillary bed directly. 
lhe results were as follows: a dilation of the peripheral 
vascular network was evident; blood flow became sluggish; 
periodic vasomotion was absent. Blood flow was still con- 
tinuous in the capillaries. With the exception of the lar- 
gest arteries, arterioles and precapillary sphincters, the 
capillary bed did not react to even strong dilutions of 
epinephrine. Capillary walls appeared intact. Petechiae 
formation was rare. However, stretching the mesenteric 
area, brushing with a camel's hair brush or rubber tipped 


forceps yielded a plentiful amount of petechiae in eleven 
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out of twenty-three. 


The dilated vessels are therefore inclined to 
rupture after trauma. It was significant that petechial 
hemorrhages were most prevalent in the region of the small 
collecting venules where dilation was most noticeable and 


blood flow almost stopped. 


These authors suggested that lack of ascorbic 
acid may produce a hypotonicity of the peripheral net- 
work by disturbing the vasotonic mechanism of the adrenal 
glands. That seurvy produces a sharp decrease in adrenal 
ascorbic acid content has been revorted by Bessey, Menten 
and King (1944), Sayers and Sayers, Liang and Long (1946) 
and Lowenstein and Zwermer (1946). Whether the adrenal 
function is actually depressed by lowered Vitamin C con- 
tent is still in question. Banerjee and Glosh (1946) 
discovered a significant rise in adrenaline content and 
increase in size of the adrenals in scorbutic animals 


(guinea pigs), but reported no vascular changes. 


The adrenocorticotropic hormone of the pituitary 
may play an indirect part in producing vascular effects. 


Sayers et al. (1944) revealed evidencé that the adreno- 
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tropic hormone of the anterior pituitary governs the 
secretory activity of the adrenal cortex. This mechanism 
has proven to be very sensitive. In 1945 and 1947, these 
authors further stated that pituitary adrenotropic hormone 


initiated the reduction of adrenal ascorbic acid. 


5. Hesperidin and Rutin 


In 1936, Szent-Gyorgi described a substance 
which reduced hemorrhages in scorbutic guinea pigs and 
induced longer survival. The material was contained in 
a fraction of citrous fruits (withoug’ ascorbic acid). 

He called this active portion citrin or vitamin P due to 


its influence on capillary permeability. 


Evidence for the existence of vitamin P was 
presented by Bourne (1943). Guinea pigs given a scorbuto- 
genic diet with ample ascorbic acid added, still revealed 
! an increase in the fragility of the cutaneous capillaries. 
The therapeutic value of citrin was also established. 
Scarborough (1945) demonstrated that this vitamin was 
capable of increasing capillary resistance, decreasing 


fragility in man, guinea pig, rat and mouse. Hesperidin 
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was shown to exhibit vitamin P activity when given by 


mouth in aqueous suspension. 


Parrot and Cotreau (1946) postulated the impor- 
tance of both vitamin P and vitamin C in the maintenance 
of normal sapillary fragility. In 1948, Cotreau, Gabe, 
Géro and Parrot found a much greater concentration of 
ascorbic acid in the organs of the guinea pig when they 
were given vitamin P along with vitamin C, again estab- 
lishing their close physiological association. In tests 
previously performed by Gabe and Parrot (1948), vitamin 
P appeared to act only in the presence of vitamin C. 


These authors postulated that the general metabolism of 


both vitamins as well as their particular effect on capil- 


lary fragility closely paralleled each other. 


Parrot and Lavollay (1944) supported the 
hypothesis that the effect of vitamin P on capillary 
permeability and resistance is felt through the medium 
of adrenaline. Vitamin P seemed to reduce the destruc- 


tion of adrenaline within the body. 


Haley, Clark and Geisman (1947) using the 


rat's mesoappendix, applied the following vitamin P 
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like subatances to the membrane: hesperidin chalchone, 
rutin, and rutin acid succinate. The dilutions used were 


found to be inactive. 


Shanno in 1946 introduced a new drug for the 
treatment of increased capillary fragility called rutin. 
It appears to be superior to the hesperidin group in the 
treatment of: vascular mishaps in those suffering from 
hypertension, checking some types of pulmonary bleeding, 
and sustaining the normal degree of capillary fragility. 
Ambrose and Deeds (1947) found that rutin administration 


to rabbits shielded them from capillary damage. 


6. Vitamines D and E 


Silver, Stech and Reed (1944) suggested that 
large doses orally of vitamin D caused a deerease in capil- 
lary permeability in adult dogs. The criterion used was 
a decrease in the disappearance rate of T-1824 from the 


blood. 


Capillary thrombi and a disfunction of the capil- 


lary bed in the cerebellum in young chicks were attributed 
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to lack of vitamin E in the diet of the mother (Pappen- 
heimer and Gaetsh, 1931). Chick embryos hatched from eggs 
containing inadequate vitamin e showed signs of vascular 
lesions, edema, small nemorrhages, capillary thrombosis, 
enlargement of the smaller vessels and proliferation of 
the capillary endothelium (Adamstone, 1941). Mason (1942) 
examined sixteen day old fetuses and found the following 
Symptoms of vascular abnormality: stasis, distension of 
the capillary wall, thrombosis (especially in venous chan- 
nels), sventually general ischemia and occasionally hemor- 


rhages. 


VII CONCLUSION 


A review of the literature has revealed that 
much controversy exists in regard to the effect of the 
vitamines and hormones on the peripheral circulation. 

The achievement of various results is due in part to the 
failure of most investigators to apply the substance con- 
cered directly to tne vascular bed. This method would 


eliminate metabolic and other chemical changes within the 
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body which may influence the reaction. Since the capil- 
laries are capable of independent behavior, it appears 
that the topical application procedure would attain decisive 


results. 


This method however would not disclose any in- 
formation concerning indirect relationships such as the 
effect of ascorbic acid on the adrenal cortex which in 
turn may secrete a substance governing vasomotor tone. 
This indirect pattern seems to be more prevalent among 
the vitamines rather than the hormones lending itself 
therefore less easily to investigation. The development 
of more adequate techniques with regard to this phase of 
tne problem might incorporate the advantage of highly re- 
fined bio-chemical procedures possible employing radio- 


active materials. 


| 
Whatever procedures are applied to the discovery | 
of vitaminogenic or hormonal effects, it would be wise to 


employ a specific dilution scale of the substance to dis- 


cover thresholds of activity for the particular tissue 


preparation. 


Extirpation of endocrine glands has been used 
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successfully by several researchers in determining the 
negative effects. It seems that tne possibilities of a 
substitution type experiment (ablation with subsequent 
administration of the specific glandular extracts) offer 
very interesting and promising results. Of course,this 
has been a popular type of experiment in many aspects of 
physiological research, but its applications to tnis spe- 


cific problem have been limited, 


The more thorough understanding of the hormonal 
and vitaminogenic influence on small blood vessels is 
making possible many decisive strides toward the resolu- 
tion of the more challanging and acute medical problems 
in cardiovascular pathology such as: hypertension, shock, 


hemorrhage, edema, menopausal syndromes, etc. 
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VIII ABSTRACT 


The site of observation, the vascular bed, in- 
cludes arteries, arterioles, capillaries, venules, veins, 
arterio-venous anastomoses, and in some tissues, thorough- 
fare channels. The blood flow through the arteries and 
artetioles is regulated by the muscular constituents of 
the vessel walls. Earlier views maintained that the pert- 
capillary cells or the endothelial cells controlled the 
flow of blood in the capillaries. Recent investigation has 
favored the concept that a sphincter-like mechanism is 


present at the cavillary origins. 


Evidence has »been presented for the existence of 
a phystologically discontinuous plexus of vasoconstrictor 
and vasodilator fibers. Local responses due to nerve 
stimulation lended support to the smooth muscle motor- 
unit concept. As a result of sphincteric activity at 
the precapillary junctions or different pressure changes 
within the capillary, intermittency of blood flow oc- 
curs regularly in the small vessels. Phases of vaso- 
motion may possibly vary according to local conditions 


in the tissue, and appear to be dependent on nerve con- 


trol. 
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Observations indicate that pitressin helps to 


control vasomotor tone. According to several investigators 


this substance is capable of causing constriction, dilation, 


or both, depending on the tissue and local chemical con- 


ditions. Evinephrine is said to cause constriction in 


most instances although no response or dilation has also 


been reported, depending on the concentration of the dose. 


the importance of adrenal cortical hormones in maintain- 
ing capillary tonus has been demonstrated. there seens 
to be agreement concerning the evarian and testicular 
hormones. Administration of these always produced di- 


lation. 


Thiamine appears to affect the nerve elements, 
guarding them against degeneration and thepefore aiding 
the control of peripheral circulation. Riboflavin seems 
to initiate no vascular changes whereas folic acid on 
the other hand appears to reduce the sensitivity of the 
cutaneous vessels to estrogens. Niacin administration 
‘is followed by dilation of the peripheral network. As- 
corbic acid seems to decrease capillary fragility. Its 
significance in maintaining capillary tone appears to be 
due to its effect on adrenal cortical secretions. Hes- 


peridin and rutin, assisted by ascorbic acid, help sus- 
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tain the normal permeability of the capillary walls. 
Fragmentary information indicated that vitamine D de- 
creases capillary permeability amd inadequate vitamine 


E causes dilation of cutaneous vessels. 


Possible avenues of future experimentation 
have been suggested. Those being used at present were 
described and evaluated. Much research yet remains to 
be accomplished to elucidate specific hormonal and 
vitaminogenic effects on the peripheral circulation. 
The impetus for further research in regard to this 
problem is rendered secure because of its vital im- 


plications in cardiovascular pathology. 
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